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Pulmonary Toxicity of Antineoplastic
Agents
MARK R. GREEN, MD, San Diego

Pulmonary parenchymal or pleural reactions to chemotherapeutic agents used
in the management of patients with malignant diseases are being recognized
with increasing frequency. Alkylating agents, asparaginase, bleomycin, metho-
trexate and procarbazine have all been implicated. Some of the reactions, such
as the rare procarbazine pleuritis and pneumonitis, represent hypersensitivity
phenomena. Others, such as alkylating agent pulmonary toxicity, appear to be
direct toxic effects of the drugs. The severity of the toxicity is variable. The
appearance of these pulmonary changes must be differentiated from tumor
progression or a variety of possible infections. The awareness of possible
pulmonary toxicity is of great importance since early discontinuation of the
agent following the first hint of pulmonary toxicity may allow partial or com-
plete reversal of the process. Continued therapy in the face of drug-related
pulmonary toxicity may enhance the likelihood of irreversible pulmonary
compromise with respiratory failure and death.

NEW PULMONARY INFILTRATES, pleural effusions
or mediastinal masses appearing in patients with
cancer are of obvious importance. Especially dur-
ing aggressive antitumor chemotherapy, appropri-
ate diagnostic studies must be done and indicated
therapy instituted with all deliberate speed, since
several potentially responsible pulmonary proc-
esses may be rapidly life threatening. Pulmonary
infection in such immunosuppressed and often
granulocytopenic patients is of primary concern.
Other frequently considered possibilities include
pulmonary hemorrhage associated with thrombo-
cytopenia, and single or multiple pulmonary em-
boli. The appearance of recurrent or progressive
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malignant disease is always kept in mind. In addi-
tion to these diagnoses, another possibility not
to be overlooked, even in the face of acute and
severe respiratory compromise, is a pulmonary
reaction to one of the therapeutic agents used
in the management of these patients.

In an extensive review of drug induced pul-
monary disease, Rosenow1 compiled a long list
of diagnostic and therapeutic agents capable of
inducing various types of pulmonary reactions.
The list is impressive in its length and diversity.
Several of the agents fall directly into the arma-
mentarium of the oncologist.

Pulmonary Reactions After Antitumor
Chemotherapy

Drug-induced pulmonary reactions may be
broadly divided into allergic or hypersensitivity
reactions on one side and direct toxic reactions
on the other (see Table 1). Allergic phenomena
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are recognized as occurring in a small percentage
of patients receiving any drug. They are not dose
dependent and are not a response to any specific
pharmacologic action of the offending agent. Such
hypersensitivity phenomena require an induction
period before an initial allergic response, but full-
blown recall evolves rapidly on reexposure to
small amounts of the offending agent. Reactions
often include a constellation of findings such as

skin rash, urticaria, bronchospasm and serum

sickness. Toxic reactions-true side effects of
therapy- are most often tied directly to some

desired pharmacologic action of the drug. These
are usually dose dependent and can be produced
in a substantial percentage of patients if a suffi-
cient amount of the agent is given. Reexposure to
small quantities of the drug will not lead to the
rapid reappearance of all the toxic symptoms.2

Hypersensitivity Reactions
True allergic reactions are seen with aspara-

ginase and procarbazine. L-asparaginase is most
frequently used in the treatment of acute lympho-
cytic leukemia. A review of the early National
Cancer Institute experience with repetitive doses
of Escherichia coli asparaginase showed a 33 per-
cent (9/27) incidence of hives and dyspnea in
children receiving the drug.3 Treatment with anti-
histamines (intravenously given benadryl) and
steroids usually controlled the symptoms. Further
E. coli asparaginase was withheld. More recently,
a switch to Erwinia asparaginase (Porton) fol-
lowing a reaction to the E. coli material has
allowed continued asparaginase therapy without
another immediate allergic reaction.
The experience with asparaginase at Memorial

Hospital for Cancer and Allied Disease was re-

viewed in 1970.4 Pretherapy testing with intra-
dermal asparaginase produced an immediate
wheal and flare reaction in only one case. All
other reactions occurred after at least several days
of daily intravenous administration. Shortness of
breath occurred in 22 percent of patients. X-ray
studies of the chest in these patients were not
commented upon. Other manifestations of hyper-

TABLE 1.-Chemotherapeutic Agents Causing
Pulmonary Reactions

Drugs Mechanism of Reaction

L-Asparaginase ......... Hypersensitivity
Procarbazine ........... Hypersensitivity
? Azathioprine .......... Hypersensitivity
Methotrexate ........... Uncertain
Bleomycin .............. Direct Pulmonary Toxicity
Busulfan ............... Direct Pulmonary Toxicity
Chlorambucil ........... Direct Pulmonary Toxicity
Cyclophosphamide ....... Direct Pulmonary Toxicity
Melphalan .............. Direct Pulmonary Toxicity

sensitivity included urticaria (65 percent), hypo-
tension (18 percent) and facial edema (11 per-

cent). In their experience, control of symptoms
with antihistamines allowed continued admin-
istration of the drug.

Procarbazine, a monoamine oxidase inhibitor,
is an important drug in therapy of Hodgkin
disease. It is also used for treatment of small
cell carcinomas of the lung, non-Hodgkin lym-
phoma and central nervous system malignancies.
Allergic reactions occur with procarbazine
therapy. A pleuropulmonary component to pro-

carbazine allergy was first described by Jones
and co-workers in 1972.5 In Jones' patient, a

man with Hodgkin disease receiving MOPP (a
combination of mechlorethamine, vincristine
[Oncovin®], procarbazine and prednisone)
chemotherapy, cough, fever and shortness of
breath developed, along with pulmonary infil-
trates and a pleural effusion on reexposure to
procarbazine during his second and third cycles
of MOPP. A challenge dose of procarbazine ad-
ministered under controlled conditions also
evoked the entire complex of respiratory signs
and symptoms, thereby confirming the suspected
diagnosis of procarbazine hypersensitivity.

Another case of hypersensitivity pneumonitis
during combination chemotherapy including pro-

carbazine has been reported.6 In this patient open

lung biopsy was done which showed a prolifera-
tive alveolar reaction including interstitial leuko-
cyte infiltration, occasional eosinophils and
alveolar septal edema. No fibrosis was present
and the findings were compatible with an acute
allergic pneumonitis. The patient recovered fully
when administration of the drugs was discon-
tinued. In light of Jones' case report, procarba-
zine was quite possibly responsible for this
allergic process.

Imuran® (azathioprine) has also been impli-
cated in one case report as a cause of allergic
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pneumonitis. The patient had received six weeks
of orally given Imuran and bilateral basilar
shadows developed on x-ray studies of the chest,
in addition to clinical respiratory distress. A pro-
nounced decrease in forced expiratory volume
and forced vital capacity was shown on pul-
monary function testing. This syndrome was felt
to be an allergic alveolitis secondary to Imuran
administration.7 The Imuran administration was
discontinued and steroids were given (prednisone,
30 mg per day). The patient improved rapidly.
After three months, findings on repeat x-ray study
of the chest and pulmonary function studies had
returned to within normal limits. Though possible,
the causal role of Imuran therapy in this situation
remains speculative.

Reactions of Uncertain Mechanism
Not yet clearly defined mechanistically as

hypersensitivity phenomena or toxic side effects
are the pulmonary reactions associated with in-
termittent methotrexate administration. In 1969,
Acute Leukemia Group B (ALGB) reported fol-
low-up on 93 patients with acute lymphocytic
leukemia (ALL) in whom remission induction
with vincristine and prednisone had been carried
out followed by maintenance therapy with bi-
weekly administration of methotrexate (30 mg
per M2) given either orally or intramuscularly.8
During the maintenance phase, pulmonary infil-
trates that lasted up to several weeks developed
in 38 of the 93 patients. Three pulmonary-related
deaths occurred. One was documented as a pneu-
mocystitis pneumonia, but the other two were
undiagnosed. The startling frequency of pul-
monary reactions was completely unexplained,
but the authors speculated that the lung changes
were most likely infectious, with the high attack
rate caused by either decreased intrinsic lung
clearing capacity or altered immune status in-
duced by the methotrexate.

Within six months of the ALGB results, Clarysee
and associates9 reported on seven consecutive
patients with ALL in remission given methotrexate
biweekly as maintenance therapy. In each patient
there developed a severe respiratory illness,
characterized by fever, nonproductive cough,
dyspnea and cyanosis, that appeared 12 to 100
days after initiation of biweekly administration
of methotrexate. X-ray studies of the chest in
each case showed bilateral interstitial pulmonary
infiltrates, more pronounced in the lower lobes.
No pleural effusions were noted. Moderate

eosinophilia was present in five of the seven
patients. In five of the seven, methotrexate
therapy was continued during the respiratory
illness; in the sixth it was delayed for one week;
in the seventh it was discontinued. Regardless of
the handling of the methotrexate therapy, the
course appeared to be essentially the same. The
acute illness lasted ten to 40 days, followed by
a period of rapid improvement. Complete clear-
ing of symptoms and x-ray findings occurred in
all but one patient.

In Clarysee's series,9 open lung biopsy was
done in one patient. Findings included a mixed
inflammatory reaction within alveolar spaces and
interstitial tissue. Multinucleate giant cells and
noncaseating granulomas were present. The over-
all appearance was similar to the histologic ap-
pearance of lung biopsy material seen in syn-
dromes of farmer's lung or pigeon-breeder's
disease. Subsequently other cases with similar
histology have been reported.'0"'1

In 1972 Whitcomb and co-workers'2 reviewed
the literature on methotrexate pneumonitis and
were able to add an additional six patients'0" 3-'5
to those described by Clarysee. These new reports
included patients with underlying diseases other
than acute leukemia. In each case methotrexate
was given either weekly or biweekly for 12 to
196 days before the appearance of the respiratory
illness. In contrast to the original seven patients
of Clarysee,9 five of these new patients received
steroids (30 to 120 mg of prednisone per day) for
the pneumonitis. In the steroid-treated patients,
defervescence seemed to be more prompt, ranging
from four to eight days rather than ten to 40
days, despite apparently equivalent initial clinical
and radiographic presentations. In one of the
steroid-treated patients, findings that had com-
pletely cleared at treatment with 30 mg per day
of prednisone reappeared when the dosage was
dropped to 10 mg per day on the fourth day of
steroid therapy.14 In that patient, administration
of all medication, including steroids, was discon-
tinued when the symptoms and chest findings
recurred, and the patient's condition slowly im-
proved over the subsequent ten days.

Recently, Sostman and associates'" updated the
status of methotrexate pneumonitis with a report
of 36 cases. The findings were the same as in the
earlier reports of Clarysee9 and Whitcomb"2 ex-
cept that Sostman found two patients with asso-
ciated pleural effusions and three with hilar ade-
nopathy. Findings from biopsy studies done in
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several patients were similar to those in Clarysee's
series except that in one patient frank pulmonary
fibrosis was found.

Most patients in whom methotrexate pneu-
monitis develops have been receiving orally given
methotrexate, but this complication has also been
reported for intramuscular and intravenous ad-
ministration as well. In addition, Gutin and asso-
ciates'7 reported the case of a patient who was
receiving methotrexate intrathecally every other
day for meningeal carcinomatosis of breast origin;
fever, cough and pulmonary infiltrates developed
after ten doses of intrathecally given methotrexate
over about three and a half weeks. Peripheral
count suppression without marrow involvement
with tumor was seen. Measurable levels of metho-
trexate were found in specimens of serum one
to two days after an intrathecal dose. Postmortem
evaluation of the lungs showed a pattern of in-
terstitial pneumonitis with multinucleate giant
cells suggesting methotrexate lung disease.

The cause of methotrexate lung disease re-
mains uncertain. The popular notions of direct
pulmonary toxicity or hypersensitivity phenomena
do not explain the common findings that con-
tinuation of methotrexate therapy during the
acute illness fails to perpetuate or worsen the
condition and that reexposure to methotrexate
is rarely associated with reappearance of pneu-
monitis. Sostman'6 has suggested that the timing
of drug administration appears to affect the fre-
quency of pulmonary reactions with more
frequent doses resulting in a higher rate of
pulmonary toxicity.

Toxic Side Effects
As opposed to the allergic reactions discussed

earlier, more characteristic toxic reactions under-
lie the pulmonary disease induced by busulfan,
cyclophosphamide, bleomycin, chlorambucil and
melphalan.

In 1961, Oliner and co-workers'8 reported two
patients with chronic myelogenous leukemia
treated for 9 and 13 months respectively with
busulfan (Myleran®) given daily. Following this
therapy, each presented with the subacute ap-
pearance of cough, fever, shortness of breath,
weakness and weight loss. Physical examinations
showed diffuse rales, and x-ray films of the chest
showed bilateral diffuse infiltrate.' Lung biopsy
studies showed focal chronic interstitial pneu-
monitis and interstitial fibrosis. An atypical pro-
liferative appearance of the cells lining the ter-

minal bronchioles and alveolar septae was noted.
Steroids provided symptomatic benefit in both
patients, but the changes shown on x-ray studies
regressed only in the patient who had the nine
months of therapy. Many months later, this
patient again received busulfan each day. Cough,
fever and respiratory distress did not reappear.
By 1966 ten cases of busulfan pulmonary

toxicity-so-called "busulfan lung"-had been
reported.18-2' Several more have been reported
since. -- Seven of the first ten patients had been
treated with orally given busulfan each day for
9 to 30 months before respiratory complaints
developed. The other three had received the drug
intermittently over the preceding five to eight
years. In each case the patients presented with
combination of fever, chills, cough, weakness,
weight loss and shortness of breath. Pulmonary
infiltrates were noted on x-ray studies, and re-
strictive defects could be shown on pulmonary
function testing. This clinical constellation is suf-
ficient to support a diagnosis of "busulfan lung."
Recently, Byrnes and associates27 have shown
that the clinical impression of "busulfan lung"
can be confirmed by obtaining diagnostic pul-
monary tissue through a transbronchial biopsy.
The true incidence of "busulfan lung" is un-

known. In a study of 40 consecutive patients,
treated daily with busulfan for a median duration
of 19 months, who were examined at postmortem,
in only one case were there clear-cut changes of
busulfan pulmonary toxicity. That patient had
been severely symptomatic following 30 months
of busulfan therapy.24
A few reports28'29 of lung toxicity following

prolonged cyclophosphamide (Cytoxan®) ther-
apy have also appeared. One28 involved a 23-
year-old woman with Hodgkin disease who re-
ceived 50 to 150 mg of cyclophosphamide orally
each day for 27 months. The reports of cyclo-
phosphamide lung disease are very reminiscent
clinically, radiographically and histologically of
"busulfan lung," and a similar mechanism has
been proposed.

Yet another alkylating agent, chlorambucil
(Leukeran®), has also been associated with fi-
brotic pulmonary disease. In a brief letter in the
New England Journal of Medicine, Rubio30 re-
ported the cases of four patients receiving long-
term therapy with chlorambucil, duration and
total doses unspecified, who died with severe
interstitial pulmonary fibrosis. In one of the cases
the syndrome of respiratory insufficiency was

THE WESTERN JOURNAL OF MEDICINE 295



ANTINEOPLASTIC AGENTS

said to evolve rather acutely. The possible use
of steroids in these patients was not discussed.
Of the remaining polyfunctional alkylating

agents, nitrogen mustard has not been implicated
in the production of pulmonary fibrosis. However,
the possible association of melphalan (L-phen-
ylalanine mustard) and pulmonary fibrosis was
reported by Codling and Chakera in 1972.31
Recently a probable case of pulmonary fibrosis
associated with melphalan treatment of multiple
myeloma has been reported.32

Bleomycin (Blenoxane®) has gained wide ac-
ceptance as an antitumor agent because of a sig-
nificant antitumor effect combined with minimal
myelosuppression. The drug is concentrated in
skin and lung, and these two tissues have been
the major sites of bleomycin toxicity. The true
frequency of clinical bleomycin pulmonary tox-
city and dose-schedule or time dependent aspects
to toxicity remain uncertain. Japanese investi-
gators reporting on 462 patients33 treated with
bleomycin noted a 4.2 percent incidence of pul-
monary fibrosis and a 1.5 percent incidence of
respiratory failure. A European cooperative
study34 reported a 3.3 percent incidence of pul-
monary complications. Rudders35 reviewed the
cases of 39 patients with lymphoma treated with
bleomycin. Of Rudders' patients, acute fatal res-
piratory failure developed in one after 210 mg
of drug was given. In three others, pulmonary
infiltrates appeared during bleomycin therapy and
administration of the drug was discontinued. The
overall incidence of pulmonary injury attributed
to bleomycin was 10.4 percent.

Findings from an extensive review of the pul-
monary toxicity of bleomycin by DeLena36 and
colleagues suggested a much higher rate of ob-
jective bleomycin lung toxicity. They reported a
38.9 percent incidence of this complication, de-
fined as either the appearance of rales, ronchi or
pleural rubs in patients receiving the drug (with-
out findings of congestive heart failure or pro-
gressive tumor) or the development of pulmonary
infiltrates seen on x-ray studies in the absence
of clinical findings on chest examination. When-
ever any signs of lung toxicity appeared, the
bleomycin therapy was discontinued and anti-
biotics and steroids were given. In about half
the patients (46 percent) in whom early lung
toxicity was noted on physical examination,
the physical findings regressed over one to two
months after stopping bleomycin therapy. Ab-
normalities on x-ray studies did not develop in

this group. In the other half (54 percent), early
radiographic evidence of interstitial abnormalities
developed within two weeks of first recognition
of changes on physical examination despite im-
mediate discontinuation of therapy with the drug.
These findings did in most instances regress with
time.

Dose dependence of bleomycin pulmonary
toxicity has been examined extensively. Blum and
co-workers77analyzed the cases of 808 patients
from several different studies and found risk of
pulmonary toxicity to increase rapidly above a
total dose of 450 mg. However, characteristic
lung toxicity has been seen at all dose levels, even
below total doses of 50 mg in some situations.37
The four cases of bleomycin toxicity in Rudders'
series involved total doses between 210 and 300
mg.35 DeLena and associates36 noted 33 percent
and 48 percent incidence of pulmonary toxicity
in two separate series with mean toxic doses of
132 and 135 mg per M2 respectively. They sug-
gested frequent careful physical examinations to
detect early toxicity in all patients receiving
greater than 100 mg per M2 total dose of bleomy-
cin. Schedule dependent pulmonary toxicity (that
is, high dose intermittent versus low dose daily
versus infusion) has not yet been clearly shown
in the literature, but DeLena has suggested that
high single doses or prolonged daily administra-
tion is particularly hazardous. No change in fre-
quency of pulmonary toxicity with ages up to
70 years old was noted by Blum37 or Haas.38
The response of the pulmonary parenchyma to

a wide variety of toxic insults appears to move
in a fairly 'stereotyped progression. It is possible
to show both an alveolar and an interstitial com-
ponent. Reactions to alkylating agents and bleo-
mycin conform to this model. Alveolar air spaces
are lined by type I (membranous) and type II
(granular) pneumocytes. These latter cells nor-
mally produce surfactant. They contain charac-
teristic "lamellar bodies" and are easily recog-
nized on light or electron microscopy. In response
to toxic pulmonary insults, there is a decrease in
number of the type I pneumocytes and hyper-
plasia with metaplasia of the type II cells. With
continued noxious stimulation, many type II cells
are shed into the intraalveolar spaces. These cells
disintegrate, inducing a serofibrinous reaction,
and intraalveolar material accumulates in a
fashion similar to pulmonary alveolar proteinosis.
Interstitial edema develops, and reticulin and ma-
ture collagen deposition takes place in the alveo-
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lar septae. In time the organized alveolar masses
are incorporated into the thickened alveolar walls
producing extensive fibrosis.28'39-42

The sequential nature of this process may
explain the variable response to steroid therapy.
The condition of those patients treated early
during the exudative phase may improve with
steroid therapy18 plus discontinuation of the of-
fending agent. When further organization has
occurred, the process is essentially irreversible,
and progressive respiratory insufficiency with re-
strictive ventilatory defects are the rule despite
steroid use.

In nearly all the toxic reactions discussed thus
far, the drug implicated in the pulmonary process
has been used either alone or in combination with
other chemotherapeutic agents not known to pro-
duce lung disease (for example, MOPP). Several
new protocol studies combine alkylator therapy
with methotrexate or bleomycin, or both. The
question of whether or not significantly increased
incidence of pulmonary toxicity will follow from
such combinations has not yet been answered.
However, a recent paper by Stutz and co-work-
ers43 concerning a five drug regimen for breast
carcinoma suggests that some increase in pul-
monary toxicity may occur with such combina-
tions. This paper reviewed the courses of 17
patients with breast cancer treated with combi-
nation chemotherapy that included Cytoxan and
methotrexate. In six, noninfectious pulmonary
complications developed thought to be drug re-
lated based on timing, appearance and response to
steroids. The 35 percent incidence was alarmingly
high, and the authors speculated on the role of
combined Cytoxan and methotrexate administra-
tion as an explanation for the high rate of pul-
monary complication.

Recent experience of Einhorn and associates44
suggests that the combination of bleomycin with
radiotherapy may cause an acceleration of the
fibrotic pulmonary reaction seen with either agent
used alone. They treated 13 patients with oat
cell carcinoma using combination chemotherapy
including bleomycin, adriamycin, cyclophospha-
mide and vincristine, as well as 4,000 rads mid-
plane tumor dose given in ten treatment fractions
(five treatments, days 22 through 26 and five
treatments, days 43 through 47) to the primary
lung tumor. In five patients biopsy proven gen-
eralized interstitial pulmonary fibrosis developed.
This appeared within two to six weeks of comple-
tion of the bleomycin therapy, which consisted

of a total of 90 mg of drug given as 15 mg intra-
venously each week for six doses. The pulmonary
injury was widespread and severe with three
patients dying of respiratory failure and the two
others limited by serious respiratory insufficiency.
This frequency of major pulmonary fibrosis, es-
pecially after only 90 mg of bleomycin, is alarm-
ingly high and appears to represent a serious
synergistic toxicity of bleomycin and concom-
mitant pulmonary parenchymal irradiation. Since
this synergistic toxicity was recognized, an addi-
tional group of 20 patients has been treated by
Einhorn and co-workers using the same treatment
protocol except for the elimination of bleomycin.
No further cases of generalized fibrosis have been
noted.

Summary
The pulmonary parenchyma and pleural spaces

are often sites of involvement with malignant
disease. In addition, opportunistic infections often
present as rapidly progressive pneumonitis in
patients with malignant disease. Aggressive diag-
nostic maneuvers to differentiate these two cate-
gories of disease are appropriate. Several anti-
tumor agents may cause pulmonary disease as
well and such reactions must be considered in
the differential diagnosis of progressive pulmonary
infiltrates in patients with cancer in whom chemo-
therapy is being carried out. Many of these toxic
or hypersensitivity reactions may seriously com-
promise the patients' clinical status. Long-term
morbidity or mortality may result. Early inter-
vention with steroid therapy appears to have a
role in control of some of these reactions. Pros-
pective awareness of such potential toxicities may
help to avoid or minimize the severity of the
pulmonary injury.

Addendum
Since submission of this manuscript, Holoye

and co-workers45 have reported the case of a
patient treated with long-term intermittent BCNU
therapy (treatment with nitrosoureas) for more
than three years in whom there developed a
syndrome of dry cough, dyspnea on exertion, and
mild hypoxemia (Po, on room air). Lung tissue
showed alveolar septal thickening with fibrous
connective tissue and no inflammatory reaction.
There was hyperplasia of type II alveolar lining
cells. Patients are rarely treated with nitrosoureas
over such a prolonged period of time. However,
based on this report, it appears that long-term
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intermittent nitrosourea therapy may be asso-
ciated with lung toxicity in the form of pul-
moinary fibrosis. Since nitrosoureas are thought
to act through an alkylating mechanism, the po-
tential for nitrosoureas to produce such lung
toxicity should not be completely unexpected.

REFERENCES
1. Rosenow EC III: The spectrum of drug-induced pulmonary

disease. Ann Intern Med 77:977-991, Dec 1972
2. DeWeck AL: Drug reactions, In Samter M (Ed): Immu-

nologic Diseases. Boston, Little, Brown and Company, 1971, pp
415-440

3. Livingston RB, Carter SK: L-asparaginase (NSC-109229)
clinical brochure. Bethesda, Md, National Cancer Institute, Apr
1969, p 38

4. Oettgen HF, Stephenson PH, Schwartz MK, et al: Toxicity
of E. coli asparaginase in man. Cancer 25:253-278, Feb 1970

5. Jones SE, Moore M, Blank N, et al: Hypersensitivity to
procarbazine (Matulane®) manifested by fever and pleuropul-
monary reaction. Cancer 29:498-500, Feb 1972

6. Dohner VA, Ward HP, Standord RE: Alveolitis during
procarbazine, vincristine, and cyclophosphamide therapy. Chest
62:636-639, Nov 1972

7. RuLbin G, Baume P, Vandenberg R: Azathioprine and acute
restrictive lung disease. Aust N Z J Med 2:272, 274, Aug 1972

8. Acute Leukemia Group B: Acute lymphocyte leukemia in
children: Maintenance therapy with methotrexate administered
intermittently. JAMA 207:923-928, Feb 1969

9. Clarysee AM, Cathey WJ, Cartwright GE, et al: Pulmonary
disease complicating intermittent therapy with methotrexate. JANMA
209:1861-1864, Sep. 1969

10. Filip DJ, Logue GL, Harle TS, et al: Pulmonary and hepatic
complications of methotrexate therapy of psoriasis. JAMA 216:
881-883, May 1971

11. Rawbone RH, Shaw MT, Jackson JG, et al: Complications
of methotrexate maintained remissicn in lymphoblastic leukemia.
Br Med J 4:467-468, Nov. 1971

12. Whitcomb ME, Schwarz MI, Tormey DC: Methotrexate
pneumonitis: Case report and review of the literature. Thorax
27:636-639, Sep 1972

13. Schwartz IR, Kajani MK: Methotrexate therapy and pul-
monary disease. JAMA 210:1924, Dec 1969

14. Robertson JH: Pneumonia and methotrexate. Br Med J
2:156, Apr 1970

15. Goldman GC, Moschella SL: Severe pneumonitis cccurring
during methotrexate therapy. Arch Derm 103:194, Feb 1971

16. Sostman HD, Matthay RA, Putnam CE, et al: Metho-
trexate induced pneumonitis. Medicine 55:371-388, Sep 1976

17. Gutin P, Green M, Bleyer W, et al: Methotrexate pneu-
monitis induced by intrathecal methotrexate therapy-A case
report with pharmacokinetic data. Cancer 38:1529-1534, Oct 1976

18. Oliner H, Schwartz R, Rubio F, et al: Interstitial fibrosis
following busulfan therapy. Am J Med 31:134-139, Jul 1961

19. Leake E, Smith WG, Woodliff H: Diffuse interstitial
pulmonary fibrosis after busulfan therapy. Lancet 2:432-434, Aug
1963

20. Koss LG, Melamed R, Mayer K: The effects of busulfan
on human epithelia. Am J Clin Path 44:385-397, Oct 1965

21. Smalley RV, Wall RL: Two cases of busulfan toxicity.
Ann Intern Med 64:154-164, Jan 1966

22. Kyung W, Gyorkey F: Interstitial pulmonary fibrosis,
atypical epithelial changes and brcnchiolar carcinoma following
busulfan. Cancer 22:1027-1032, Nov 1968

23. Littler WA, Kay JM, Haselton PS, et al: Busulfan lung.
Thorax 24:639-655, Nov 1969

24. Kirschner RH, Easterly JR: Pulmonary lesions associated
with busulfan therapy of chronic myelogenous leukemia. Cancer
27:1074-1080, May 1971

25. Burns WA, McFarland W, Mathews MJ: Bustulfan induced
pulmonary disease: Report of a case and review of the literature.
Am Rev Resp Dis 101:408-413, Mar 1970

26. Kuplic JB, Higley CS, Niewoekuer DE: Pulmonary ossifi-
cation associated with long-term busulfan therapy in chronic
myeloid leukemia. Am Rev Resp Dis 106:759-762, Nov 1972

27. Byrnes RF, Mostafavipour SH, Fennessy JJ, et al: Diag-
nosis of busulfan lung by transcatheter biopsy. Chest 64:771-773,
Dec 1973

28. Topelow AA, Rothenberg SP, Cottrell TS: Interstitial
pneumonia after prolonged treatment with cyclophosphamide.
Am Rev Resp Dis 108:114-117, Jul 1973

29. Rodin AE: Lung changes and chemotherapy agents in
childhood. Am J Dis Child 120:337-340, Oct 1970

30. Rubio FA: Possible pulmonary effects of alkylating agents.
N Eng J Med 287:1150, Nov 1972

31. Codling BW, Chakera TM: Pulmonary fibrosis fol-
lowing therapy with melphalan for multiple myeloma. J Clin
Path 25:668-673, 1972

32. Dickman P, Taetle R, Feldman P: Pulmonary fibrosis asso-
ciated with melphalan. 74th Annual Meeting, American Associa-
tion of Pathologists (abstr), Toronto, Canada, 1977

33. Ichikawa T, Tsubaki S, Hirokawa I: Statistical study on
the side effects of bleomycin. J Jap Cancer Therapy 4:29, July 1969

34. EORTC: Study of the clinical effiicacy of bleomycin in
human cancer. Br Med J 2:643-645, Jun 1970

35. Rudders RA: Treatment of advanced malignant lymphomas
with bleomycin. Blood 40:317-332, Sep 1972

36. DeLena M, Guzzon A, Monfardini S, et al: Clinical
radiologic and histiopathologic studies on pulmonary toxicity
induced by treatment with bleomycin (NSC-125t)t06). Canc Chemo
Rep 56:343-356, Jun 1972

37. Blum RH, Carter SK, Agre K: A clinical review of bleomy-
cin-A new antinecplastic agent. Cancer 31:903-913, Apr 1973

38. Haas CD, Coltman CA, Gottlieb JA, et al: Phase 11
evaluation of bleomycin-A Southwest Oncology Group Study.
Cancer 38:8-12, 1976

39. Pascual RS, Mosher MB, Siekand RS, et al: Effects of
bleomycin on pulmonary function in man. Am Rev Resp Dis
108:211-217, Aug 1973

40. Fleischman RW, Baker JR, Thompson GR, et al: Bleomycin-
induced interstitial pneumonia in dogs. Thorax 26:675-681, Nov
1971

41. Bedrossian CWM, Luna MA, MacKay B, et al; Ultra-
structure of pulmonary bleomycin toxicity. Cancer 32:44-51, JL
1973

42. Yagoda A, Mukherji B, Young C, et al: Bleomycin, an
anti-tumor antibiotic. Ann Intern Med 77:861-870, Dec 1972

43. Stultz FH, Tormey DC, Blom J: Nonbacterial pneumonitis
with multidruLg anitineoplastic therapy in breast carcinoma. Can
Med Assoc J 108:710-714, Mar 1973

44. Einhorn L, Krause M, Hcrnbach N, et al: Enhanced
pulmonary toxicity with bleomycin and radiotherapy in cat cell
lung cancer. Canccr 37:2414-2416, Jun 1976

45. Holoye PY, Jenkins DE, Greenberg SD: Pulmonary toxicity
in long-term administration of BCNU. Canc Treat Rep 60:1691-
1693, 1976

298 OCTOBER 1977 * 127 * 4


